A Gram-staining-negative, chemoheterotrophic, yellow-pigmented, gliding, catalase-and oxidase-positive, flexirubin-negative, strictly aerobic bacterium, designated strain IMCC9485 T , was isolated from a seawater sample collected from the Arctic Ocean. Optimal growth of strain IMCC9485
Division of Biology and Ocean Sciences, Inha University, Incheon 402-751, Republic of Korea A Gram-staining-negative, chemoheterotrophic, yellow-pigmented, gliding, catalase-and oxidase-positive, flexirubin-negative, strictly aerobic bacterium, designated strain IMCC9485 T , was isolated from a seawater sample collected from the Arctic Ocean. Optimal growth of strain IMCC9485
T was observed at 25 6C, pH 7-8 and in the presence of 1.5-2.5 % NaCl.
Phylogenetic analysis based on 16S rRNA gene sequences showed that strain IMCC9485 T belonged to the genus Formosa and was closely related to Formosa algae KCTC 12364 T (98.2 %) and Formosa agariphila KCTC 12365 T (98.0 %). DNA-DNA relatedness between the new isolate and F. algae and F. agariphila was far lower than 70 %, which indicated that strain IMCC9485 T is a novel genomic species of the genus Formosa. The major fatty acids (.10 %)
were iso-C 15 : 1 G (13.7 %), C 16 : 1 v7c and/or C 16 : 1 v6c (13.4 %) and iso-C 15 : 0 (12.3 %). The G+C content of the genomic DNA was 37.6 mol%. Strain IMCC9485 T contained menaquinone-6 (MK-6) as the respiratory quinone and phosphatidylethanolamine, unknown aminophospholipids and unknown polar lipids as polar lipid constituents. On the basis of phylogenetic analyses and differential phenotypic characteristics, it is suggested that strain IMCC9485 T (5KACC 17484 T 5KCCM 42937 T 5NBRC 106080 T ) be assigned to the genus Formosa as the type strain of a novel species, for which the name Formosa arctica sp. nov. is proposed.
The genus Formosa in the family Flavobacteriaceae of the phylum Bacteroidetes was established by Ivanova et al. (2004) and characterized as being heterotrophic, Gramstaining-negative, motile by gliding, aerobic, halotolerant, saccharolytic, rod-shaped and yellow-pigmented. At the time of writing, the genus Formosa consists of three species with validly published names: Formosa algae (Ivanova et al., 2004 , the type species of the genus Formosa), Formosa agariphila (Nedashkovskaya et al., 2006) and Formosa spongicola (Yoon & Oh, 2011) . In this study, we report strain IMCC9485 T , isolated from the Arctic seawater, as a representative of a novel species of the genus Formosa based on polyphasic characterization.
Strain IMCC9485
T was isolated from a surface seawater sample collected off the coastal region near the Dasan Korean Arctic Station in Ny-Å lesund, Svalbard, Norway, by using a standard dilution plating method on R2A agar (BD Difco) diluted 1 : 10 (v/v) with aged seawater that had been kept at 10 u C for a month. After optimum growth temperature had been determined, cultures of strain IMCC9485 T were maintained routinely on marine agar 2216 (MA; BD Difco) at 25 uC and preserved as glycerol suspensions (20 %, v/v) Genomic DNA was extracted using a DNeasy tissue kit (Qiagen) according to the manufacturer's instructions. The 16S rRNA gene was amplified using the 27F-B and 1492R primers, and sequenced as described by Cho & Giovannoni (2004) . The resultant almost-complete 16S rRNA gene sequence (1416 bp) of strain IMCC9485 T was compared with the sequences held in GenBank by BLASTN (Altschul et al., 1997) and the results confirmed by the EzTaxon-e server (Kim et al., 2012) . The 16S rRNA gene sequence comparison showed that strain IMCC9485
T was related most closely to F. algae KCTC 12364 T (98.2 % sequence similarity), followed by F. agariphila KCTC 12365 T (98.0 %) and F. spongicola KCTC 22662 T (96.7 %). For phylogenetic analyses, the 16S rRNA gene sequence of strain IMCC9485
T was aligned with the closest relatives using the ARB software package (Ludwig et al., 2004) and only unambiguously aligned nucleotide positions were used. Phylogenetic trees were built using the neighbourjoining (Saitou & Nei, 1987) with the Jukes-Cantor distance (Jukes & Cantor, 1969) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) methods programmed in MEGA5 (Tamura et al., 2011) . The robustness of the phylogenetic trees generated by the three algorithms was confirmed by bootstrap analyses based on 1000 random resamplings of the sequences. In all the phylogenetic trees generated in this study, strain IMCC9485
T and the three recognized species of the genus Formosa constituted a robust clade separated well from other genera in the family Flavobacteriaceae, indicating that strain IMCC9485
T belonged to genus Formosa (Fig. 1 ).
Because strain IMCC9485 T shared high 16S rRNA gene sequence similarity with F. algae KCTC 12364 T (98.2 %) and F. agariphila KCTC 12365 T (98.0 %), genome relatedness among the three strains was determined by DNA-DNA hybridization using membrane-based slot-blot hybridization. Genomic DNA of IMCC9485
T was used as a probe. Prehybridization, hybridization, stringency washing and detection were performed using the DIG-High Prime DNA Labelling and Detection Starter kit II (Roche Molecular Biochemicals), according to the manufacturer's instructions. DNA-DNA relatedness was calculated from triplicate samples and quantified using the Multi Gauge V3.1 software (Fuji Photo). DNA-DNA relatedness between strain IMCC9485 T and F. algae KCTC 12364 T was 11.52 % and between strain IMCC9485 T and F. agariphila KCTC 12365 T was 6.02 %. The low levels of DNA-DNA relatedness (,70 %) between the novel isolate and the two species of the genus Formosa indicated that strain IMCC9485
T represented a separate genomic species in the genus Formosa (Wayne et al., 1987 
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For phenotypic characterization, strain IMCC9485
T and three reference strains of species of the genus Formosa were grown routinely on MA at 25 uC up to the midexponential phase in order to obtain the best results for physiological and biochemical characterization, unless indicated otherwise. Cell morphology and cell size were examined by transmission electron microscopy (CM200; Philips) using negative staining with 2.0 % uranyl acetate. Gliding motility was determined by phase-contrast microscopy of cells incubated for 24 h on microscope slides coated with MA (0.7 % agar), as described by Bowman (2000) . The temperature range and optimum for growth were determined in MA that was incubated at 4, 10, 15, 20, 25, 30, 37 and 42 u C. The pH range and optimum for growth were determined at pH 5.0-10.0 (at intervals of 0.5 pH unit) in MA in which the pH had been adjusted using the following buffering system: MES pH 5.0-6.0, MOPS pH 6.5-7.0, Tris pH 7.5-8.5 and CHES pH 9.0-10.0. Growth with 0-3 % NaCl (at intervals of 0.5 %) and 4, 5, 7.5, 10 and 15 % NaCl was monitored in marine agar 2216 formula with different NaCl concentrations. Gram staining was performed using a Gram-staining kit (bioMérieux). Anaerobic growth was examined using the Mitsubishi Gas Chemical anaerobic system for a week on MA. The presence of catalase activity was determined by the production of oxygen bubbles after adding 3 % H 2 O 2 (v/v) to exponential-phase colonies; an oxidase test was performed using oxidase reagent (bioMérieux). Triple-sugar iron agar (BD Difco) supplemented with 2.0 % NaCl was used to determine H 2 S production. The presence of flexirubin-type pigments was investigated by bathochromic shift test with 20 % KOH solution (Reichenbach, 1992) . Cellular pigments were extracted with acetone/methanol (1 : 1, v/v) and the absorption spectra were determined in a scanning UV/ visible spectrophotometer (Opizen 2120UV; Mechasis). Hydrolysis of casein (1.0 % skimmed milk, w/v), elastin (0.5 %, w/v), starch (0.2 %, w/v), colloidal chitin (0.5 %, w/v), CM-cellulose (1.0 %, w/v), Tween 20 (1.0 %, v/v) and Tween 80 (1.0 %, v/v) was determined based on the formation of clear zones around colonies after applying suitable solutions (Tindall et al., 2007) . Degradation of DNA was tested using DNase test agar (BD Difco) modified with 2.0 % NaCl. Other biochemical tests were carried out using API 20NE, API ZYM and API 50CH test strips (bioMérieux) using bacterial suspensions in artificial was Gram-staining-negative, chemoheterotrophic, strictly aerobic, motile by gliding, catalase-and oxidase-positive, flexirubin-negative, yellow-pigmented and straight rodshaped (Fig. S1 , available in IJSEM Online).
The DNA G+C content was determined by HPLC (Mesbah et al., 1989 ) using a reversed-phase C18 column (5 mm, 15 cm664.6 mm; Supelco). The fatty acid methyl esters of strain IMCC9485
T and the three reference strains were extracted from cultures grown on MA at 25 u C to the late exponential phase (3 days) and determined using the Sherlock Microbial Identification System version 6.1 with TSBA6 database (MIDI), according to the manufacturer's instructions. At the time of harvesting biomass, to minimize the effect of age, colonies grown on almost identical sectors from a quadrant streak on MA were selected and used for fatty acid extraction. Respiratory isoprenoid quinones were extracted by TLC and analysed by HPLC (Minnikin et al., 1984) . Polar lipids of strain IMCC9485 T were extracted from lyophilized bacterial cells and examined using two-dimensional TLC followed by detection with the reagents molybdatophosphoric acid, ninhydrin, molybdenum blue, a-naphthol and Dragendorff's reagent (Minnikin et al., 1984) .
The DNA G+C content of strain IMCC9485
T was 37.6 mol%. The respiratory quinone in strain IMCC9485 T was menaquinone-6 (MK-6), which is coincident with the major quinone of the family Flavobacteriaceae. The polar lipids found in strain IMCC9485
T were phosphatidylethanolamine, an unknown aminophospholipid, two unknown aminolipids and an unknown polar lipid (Fig. S2 , available in IJSEM Online), which is generally in line with polar lipid profiles of the members of the family Flavobacteriaceae. The major fatty acids (.10.0 %) in strain IMCC9485
T were iso-C 15 : 1 G (13.7 %), summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c ;13.4 %), iso-C 15 : 0 (12.3 %), iso-C 17 : 0 3-OH (10.9 %) and anteiso-C 15 : 0 (10.8 %) ( Table 2 ). The fatty acid compositions of strain IMCC9485
T and the reference strains were generally similar, but the proportions of some fatty acids, including iso-C 15 : 0 , C 15 : 0 , anteiso-C 15 : 0 , C 15 : 1 v6c and summed feature 3 were different.
On the basis of phylogenetic data and chemotaxonomic characteristics, strain IMCC9485
T can be assigned to the genus Formosa. The low DNA-DNA relatedness among strain IMCC9485
T , F. algae KCTC 12364 T and F. agariphila KCTC 12365
T and several differential phenotypic characteristics suggest that strain IMCC9485
T represents a novel species of the genus Formosa, for which the name Formosa arctica sp. nov. is proposed.
Description of Formosa arctica sp. nov.
Formosa arctica (arc9ti.ca. L. fem. adj. arctica northern, from the Arctic, referring to the site where the type strain was isolated).
Cells are Gram-staining-negative, chemoheterotrophic, oxidase-and catalase-positive, motile by gliding and strictly aerobic. Cells are straight rods (1.5-2.160.3-0.7 mm) and contain yellow carotenoid pigment with maximum absorption at 451 nm. After 3 days of incubation on MA at 25 u C, colonies are 1.0-4.0 mm in diameter, circular, convex, smooth and yellow with entire margins. Growth occurs at 10-30 u C (optimum 25 u C), pH 5.5-10.0 (optimum pH 7.0-8.0) and 0.5-5.0 % NaCl (optimum 1.5-2.5 % NaCl). Starch is hydrolysed, but CM-cellulose, colloidal chitin, elastin, DNA, casein, Tween 20 and Tween 80 are not hydrolysed. H 2 S is not produced. In an API 20NE test, positive for gelatin liquefaction, but negative for aesculin hydrolysis, nitrate reduction, PNPG (bgalactosidase), indole production, glucose fermentation, arginine dihydrolase and urease. In an API ZYM test, positive for alkaline phosphatase, esterase (C4), leucine arylamidase and acid phosphatase, but negative for valine arylamidase, esterase lipase (C8), lipase (C14), cystine The type strain, IMCC9485
T (5KACC 17484 T 5KCCM 42937 T 5NBRC 106080 T ), was isolated from a seawater sample collected off the coast of Svalbard, Norway (78 u 569 190 N, 11 u 529 440 E). The genomic DNA G+C content of the type strain is 37.6 mol%.
